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10*1 l ft I 

10*1*1 fit' U * C 

%&lE-t &&&t±m&T >| Xa £ ilT 

£ T 196D Wldrow i Ho£f,'±i&#x4 f->-X 
mt&?>m?tfc& ^ Widrow-HofP LMS T /vrf i; * 
XJ* (Widrow~Jiofi least mean square algorithms, &t 
T LMS T;u=r >J XA t&Jk) £lftf*.Stt£7Vi*=*'9 

normalized LMS T;i-m; Xa £ b&tttlX^ £ £ 7 
fc. LMS T/>*>) X^co&&&jEm£ y j ;is?c?)&m 
*<~? h /u J /u A jEMlb L^^iir^T^o. 



;^)XAit^;t^H, zfL^^T-Ji-^i} Xa 
SftS^I-t-'*?? (Wiener- Hopf) coy^m^ 

1960^ IJMST/i^iJXAC0S£^£*fr£i5j t 
< LX Kalman ^j; 9^ffc**f$#/i^>--7 

(RLS: recursive least square algorrthrji) fc— ftrf- 

* tM> . RLsr^^f'; XAii, ^-r-<^^^y~^^ 

^, ^ Oflfi-fz i: T Ii3fefto^^<7? ^ *^>, v^it 
RLS ^ UD^^^^EA-r 5 t 9 ^ t 

m&&&fr^£^ : >&thtz&tik£i i ->x^& t rrv'r 
M%mA.-rtt& r m&T>uzrvxj*i» ztuzn&n+ii 

A* Ci&rk (MJ ii BLMS (block 3LMS) T^'JXA^ 



p^- 5 4 7 0 9 9 
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?&5 



utc mm™ *>&wijgw, mm™ 

(20) (21) v 
Xt, -e^-^lft^^mi LT BOP (block ortfaog- 
onaJ projection) T/^^A^itltt^^ it 
#£$t'7Vt^ } J XI, t LT:£J^(£3) (24) 

10-1-2 KflK^t^M 

CD tH2lt8&£ J: < tfw*fcit*K^5©ft 

C23 tSUO-l(b) ^LfcJ:?C, A 

;&«**Gfc)'ifc, «««-**(*> ^A^Jtt^i^^ 

C3) — ifcffc&lfc SlO-l(c) ic^LfcJ: 7 

A(z)==«o+a^- 1 + - + ^- M 1 (10 . l5 

e ik) =z{k) 4- &*(*-!)+••• + bnz(k-n) 

-a*x(k)~aix(k-l) amx{k~m) 

(10 • 2) 



(A) 



j • <*) 

>4— 4^ 
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£* CoSl/PD FIK 7*4 it? )V7 j £. fctft. 

hft~ (ko, hi, fe^) 1 " (10 • 6) 

3fc (ItM) T'>lt £ ft. ft yXTA(7)/<7/-^i^ 

ffflAfc^C-f* j: 7 FIE-T^ ^aft 

-r-cii, y > trsio-i(a) k^l^j: ■? t&ts'gk 
Mnzm^xm&^z&z tfcti. gjio-i(a) fi, 

^Hfcwtt*e*a J: ? fcrm-f yy*fi'9W&& 
zmztix^zz t&mLx^z>. mm(z) iz j: rax, 

Mf/li 

^KWCtt+vGW-yGt)} 1 ] (10-7) 

ffln: tj&^T^-r, 3t (10-7) <m$m.%m&%mfr 
zzx*i±, s*=7s-? *&&*>»i t * tLfz 

*/(*. 3$ (10-7) coj: -3 C 

/-£t^(^)l=j5:[{(^U) + v(A))-ya)} £ 3 

(10 • 8) 

t#£^*lt^&. sfc (10-8) *c, Wf^r?^^ 

jK*) = jgfc-x(*-i) (10-9) 

HIAmm (*) Hm - 2A£ v H Oc) + £ [*» (*) ] 

(10 • 10) 

Ajwr U) = E to (A) j£ (jfc) ] (10 - II) 

ttr(*) ~J£D&r (*)*(*) 3 (10 - 12) 



«l M » 

*(*) (10-13) 

= W*r(A) (10-14) 

(10 • 15) 

A u ~. (30 - 16) 

Wu= (m, -, T (10 * 17) 
T&£. 

ST, * (10-10) 9, /MbWfc-f 

t&l&Zixh™. ZZX-ii* k izis^>X J 

ti--tz,. k»(opt,k) {i, mm* k K X-&8&L. ztl 

% 0 £-f*Ufft&n«. ^P*>, 3* (10-10) coj5^3^ ^ 
^ -M^ (*) ^-2i^ (*) (10 - 18) 

h* (opt, i) =A*l* (k) v*(&) (10 • 19) 

do-is) ;±0 4 — -f — • *^vco^^p^^nrv^6. 

K-fR^^ <t A* (opt, k) oH^ic-ov^ 

Fir • 

(10 : 20) 

(a«j«-^) -sa) (± 

=x!U) F„ -hxi-^ {k-N)R*-» +v (k) 

(10 • 21) 

n»(*)« J B[a^(*)-a;ifU)]Fir 

to (*) • {Jci-^ (jfe-iVO + ff (Jfc) >] 

-ieif-*+ff<*)>] (10-22) 
t*E»T*&. C^>i^, ik*{opt,*) (iSS: (10-19) -Jfc 
0 

A#(opt, *) =i?«r+Sjr(jt) (10 - 23) 

B^(*) =^3v(^) 

- £ to Gfc) - (xi-^a—AO i?ir-*+ v Or) )] 
(10 - 24) 
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10* at a? « 



£[x*{£) JV)]— 0 (10 - 25) 

E[zAk)-v(k}]-0 (10-26) 

A*(cpt,£) -Fx (10*27) 
it' 1 ), ^^1 i fcKte-< ? h /i. «v N 

B H {k) =Azk{k)E[xKk)-v{k)1 (10 - 28) 
T^-t^tl^. $t.-> T, 5£ (10-26) ^^3lfn^, ^ 

do-27) tmm^m% 

kjt (opt, k) = W* (10 - 29) 

W»= (m, w**-w*-\* o«Q; o ) T (10-30) 

(10-25), (10-26) **j&2:tT^& < X 
ii B„(k) £ M&fr) C ^ L%tM&&r< 7 y ^hUM 

L.tMM2i^ (&T, RLS) ^^iltv^ 

^Toeplitz(x^ ^ y 
~C2>ZZtfrt>, RLS w»jr*>JFH£;MS tK§t4 
< o^co^^^^>ii-C v^»^ 4 ^ sfc (10- 
19) ft it® 8: (»T&) tZ&?^X&< 




(opl, fe) 



K«*Seic£MST^=rg Xa £10> , ES7;^U 
10*2 mM^SS* (RLS) 

x{k-l) x{k-2) - x{k-H) 

Ix(N-l) x(N-2) - x(0) - 

(10 - 31) 

Am j* (k) =■ " ' ^ ' 3 X*~jf+3jt (k) JCk-tt+zji ik) 

(10 - 32) 

(10 - 33) 
(10-34) 

Av = (A:) , (10-35) 
Vh = y irU) , *-»oo (10 > 36) 

X'&hfrh* (10-19) i:9 

(^)J^.^^(^r)3" 1 

(10 * 37) 

ft k* <r>W&<? V fcr(*+i) £ L 
^ U + 1) « CX?,.'**** a) X±~K+t# (k) r i 

•XZ^w(k)z*-H+t{k) (10 - 38)- 
iK^i^t^. ^fe^K^ (10*38) itk^<x>fz 
35VV-C A y (opt) ■{=— ^rT*. 
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p **« (*) = [-&a-^ (*) (k) ] - 1 00 • 30) 

*£«£5E&-t£. (10-38) tt 

• [XX^+mt — 1) ££— l) 
+**(#)*(*}] (10-40) 

(10 • 41) 

£5£ (10-39) *£*o#i;«tt 

=iV.«Gfc-i) -^-^-^^^a^ 
=P*^ (*-l) -k* (k) x2(k) P KJt a- 1) (10 . 42) . 



(10 * 43) 



COT, P^(ir) 

Ajr.(i;> -P^ (A- 1) - 4, (*)*i?(f)P M (jfc-l) 

(10 - 44) 

^J:-5fC#&££2r*-C££. ^ot, 3$ (10-40) (± 
&r(*+l) = CfV*(*-l) 

-**tt)x*(*)J*jr(*-in 

+**<*>*(*)] 
=p*.*(*- 1).X2.* +IJ , (£— 1) 

-fctiJjJUJAsra-l) 

• XZ-M+ijt (k~ 1) (jfe — 1) 

~P*j»Uc- , Ox*{k)z(k) (10*45) 
Ktc5C (10-45) t*, ^t^ii; 5 

i1% SC (10*38), (10-39) <* 

P*.* (*- 1) Xl^^ut {k - 1) jsw+i <jfc - 1) 

• X2-«4ut Gt - 1) Or - 1) 

(10-46) 

3ft (10-43) j; 9 
A* (*) [l+a* T <jfc) P^ (jfe-i) Xa , (*)] 
=P*jt(k-l)x„(k) (io . 47) 



km (k) » [7^ - (*) x* T {A) JP^ (k- l}x„ (k) 

(10 • 48) 

t%&, ^T^t, /^,.v a A ; .v ^#tetr^-c £> & , 
3$ (10*46), (10-4S) £9, 3$ (10-45) fi * 
A- (* + »=*»(*) + [*(*) -XjJU) tor (*) 3 

(10 • 49) 

»io-i izmi-x 7 * rls ^ff*^«*<ft**i*. 
* io ♦ i rls ^UM^m i 



A*(*+D»A*(it)+lir(i> 



^ 10-1 tc^ LA: RLS t4#y*> j; 3 t^fs^ t i> 
if, 5$ (io-tt) ^«^.«r 

P*w(*)x*(ifc) 

- (jfc) x£ (A) Ay, (4 - 1) ^ v (A) 
= [/*-* - (*) (*) ] A (*- 1) (*> 
=**C*) . (10 * 50) 

* (10*50) Jr^)#^fL3t: Jfcr(ir) ^*10-llc 

m up* a. RLsoifjr^«2 



fcirft^D -**ft) + firjf ft) jerft) 

Wfc,{0), P^(o) ^^T^^^ft^.;r 

*r(0)- (ffi«) ] 

Pa-jp(0) = c6t^ (cii-h^^:§t{riE» J 

(10 - 51) 
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~G*U*(0)) 



83 10*3 

GW C&jt) =2A^fe*-2vjr (10 - 52) 

t&m-tZ (5* tt0-18>*W. * {10-10) tt'*^-*- 

A* (ifcJff-oWE"*-*. H10-3l±-Oi$R--£ ^=2^ 
^^riz-o^rBLmh-fZ m 10-3 £^L*:$ 

4Ui. A* A, <^^fc£^L/0^%L v^-£-r 

T, *£#^,&Av(0) £«0Hit£U A*(0) GW{A*(0» 

A*(i) |cis«t*/* 
A*(0) J:0 fc'hS <tiiti-^5. fc 

£TU A*(/-l) » A*^i#@^jE&-C&£. £*L* 
2£ 0 &-*fir. '**(/) 14 A* (opt) &.m 0 * < < . a 

A^ C/) = U- 1) -0 . 5 a(j) G# (A* (J- D) , 
/=1,2,- (10-53) 
fcfra, 5£ (10*53) l±*£&G£T&> a(/) ttxtyry 



— J <?# (A* 0-0) 



0.5 1*. m^^^^^fb*t^^^^^^^-}, ^ 

5^ (10*53) k&^T Aa £®j£lfZ%&<K 
A* (opt) i *„(/) <r>£*0*ttfcov>;r£-<*. 

S*(/)=A*0')-A*(opt) (10 • 54) 

t 5fe»-T *. * (10*54) tt. 5* (10*19), (10-52), 
(10*53) frh 

jsw cy> = t*»a-i> -o-s«c/)<sw(** c/-i»3 

- h K (opt) 
= (**(/-!>-** (opt)) 
-0-5a(/5C<A w O'-DJ 

0-1) -0.5 ffO*) (2 A» ^ ' h » (J- 1) 
-2»*) 

= (/— 1) — a(J) Atrjt Ihff 0"~ 1) 

= V* JI -tt{j)-A*#)&* (7-D- 
/=U2-V" (10-55) 

£ M (j) =ji {Iw-a{n)Axji) -E„(0) (10 • 55) 

(A^*«HM)C<K^L*C^«ii*'fc^. 
A*.* = -ZW - (10 • 57) 

(10-58) 

jD«rjv=I>lasUi,AB.-"»^r), 

Ai£.&i£»-*A» (10 -59) 
(10 - 60) 

t 9, A (10-56), (10-58), 
(18-60) XV 



(A* 0-0) 



BhU)-- 

(10 - 61) 

a(J) <0&L% A*jK*>m-%lLh*> 
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•du«<l-*-U, 0, -» 1- A*^) 
*<tiag (I **-, l-xU-%-i, 0) 

(io > 62} 

£3r9, A r ©^^#jE"C a A* (opt) fc~gt+ 
fctt, A** tt&MfrO:*:* ifdB«U*fc:j§ 

< < d t &m»$ ti£i. — ^^^^J: 
< at yT'y-i' L fiJ0D£i£ 

■ &±&-<rz-£it, 

& (10-53) ^^f^^^f^i, ^ C1D-53) 

fi 

• [2x* (*) A* (/- i) -2^ (*) d (k) ] 
(10 * 63} 

« (10-52), (10-11), &£ZF (10-12) 
^M). LMS J*, 5£ (10-63) fCi^T / =- ir+ 1 J; t*" 
a<J) = a t1rtU2&t>tiZ. W±> 

= &*(*) 4* aw(A:)x#U) (10 * 64) 

Xhh. CI ^ J: 7 B£#J * iz&lfZT— 



0<a< }T 



(10 - 65) 



B310-5 Jojc*-. 




10 • 5 LMS T;i^ g XAtfo«Uft 



io * 4 * « m * m 

V*£, £ T7/7*7"^ "7**7 ^ frfco&tfj u{k) it* 



(10 * 66) 

*L+<?i>/U) (10-66) t*U 

(10-66) ^At-T^ tZlzBir) h»^W„ 

i 7 fc, sft (10*66) hxl±Xrmr<7 V 

St&t-£ ^ <Oft^<^ h ^(Ar+l) ^1S10*6^L 
■fc^O^i^i^. flo^ii, 5?; (10-66) 
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zru) 




o 

v\ cO^^^iaiO^K^t. SlO'7fc4?^"C 
LfVmnfe^ d(k) tfrSyfr'C'* -r-c-ro^m 



ABE* 



.)-*»(*> 



(10 • 67) 



3ft (10-67) ii 



(10 * 68) 



(10 • 69) 



■«(*) (10*70) 



^ (10-70) ^i^i^^rm^ 4 

10-5 ya^^K^^rfyXA 

3S^«tsfcfcaiAUArB0PT^aru^rA (SIT. BOP 

(&T. BLMS fcv*?} tov^Wat*. 
10*5*1 BOFT^M^ 

X*<*>-*»~*<*>- (10-72) 
Mt*^ h/K&Gfc) ItZtl^iX 

xUc) *(*-!) - 
x(*-l> x<*-2) - 



artt-r+l) xU-r+2) 
j(*-//+13 



(10 • 73) 



d T (*) = [<* (*) , (*- 1) . ~. (*- r 4-1) r 

(10 • 74) 

(10 • 75) 

Xr*{(L-l)r}kP*=drUL-i)r) (10 - 76) 
Xr*{Lr)hlt^dALr) (10 • 77) 
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2fi £ 



trxiUl^ H 1G»7 tz&v>x 

(10-775 ± 0 

X^(i»{A^»-AF>= €r ar) (10-79) 

e r (Lr) = £i» - y T (Lr ) 

y T (Lr) = (y(Lr) . y U>-l) f — . y (Lr~ r + 1)) T 

(10-80) 



X*Or) (h} l M >-kF>}=e r {Lr) 



(10 • 81) 



%zM&&mt$m3L7jmi&comkxz>. st ao-«i) 

— Moore- Penrose (A — T • -^>a-X) 
^*--J^=;»<Z,r)feU>> (10-82) 



BOP »±, j£ (10-82) f:xf7Wv^#lf 

ktf- + »~hP-haX£(Lr) erVLr) (10 * S3) 

t^T^^i^r^i. 5$ (10-83) ^rrlTc^ 

s^ae*^*^. ha* iz&m-t ^.i^^nt 

BOP <ttfct&tttt&*^K^\,*x\twffi 

<7>&&±m%-t-2>i!><, wmiticwtfa) (24) t-#m$it 

IS?** Jt'0Aw*tt*t«r&i 
10*S*2 BUUB7iP=fVXJk 

10*3®f^fcJ:7^ IMS i±ft&&T&iz&^ . 

Arjr-*Xj(r(it)xjy(ir) (10-84) 
w at -*• (Jt) z(k) (10 . 85) 

t LA: *? i_T3$(10*52) ^SUtL, 3^(10-53) Ktr^T 

(10-86) 



1 r(i+l>-l 



(10 * 87) 
(10 * 88) 

£5$ (10-53) fi 



(*)*(*)] 



UO • 89} 



7o 7 7 it 



FFT 



Ajr(rZ.) 



FFT 




hntrL + r) 



BLMS 



FFT 



it 

L 



16 * 8 &LM5*m^tzTm-4.T-? < fir? 
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(10 * 90) 

iCt, rL£jb£r(£+l)-lfc:i3V*-£ 
e{k) = d{k)-x${k)h*{rL) (ID ■ 91) 

c fft zm^tzm&vmwz&if&y j ;i>? n >^ 

SIS /Life ifc. 35LMS^tt5fcafil£«iaflJt*H-9fc 

FIR m&fey 4 <n&m;1&m&\&T<n £ ? £ 

.£[>«*] =£kto* T i&^3 (10 * 92) . 

=J5[r, T ^] (10*93) 

= §^BW£»)] (10-94) 

tu vMfc. fc-fi. a { it, imi^/ 

^^^raScfc^Ur, -a-^-77Vy (Nerwton- 
Raphson) &*3&JgT*>& BLS fefe*'. ^i^^^ 



SUB 7^=** l ) XI. j & ^ *6 1" 

&. +lS r a.— t at-i 

At 

(IS * 95) 

fc**U PMSw 7&-<^ K /KOt^f, Xr (f=0, 
Ai K KXJt <n&^&%LThi> DCT (4*E£*K) 

ij=M,»;N-l (10*96) 

(10-96) ^i^rM^f^ii^ t A»«*«o*W*W 
^Ji?-=S , x(ntA r -r/)x(m/v r +/) T ^^^>©^^M 

ft 

A»=dia«[>%>(fn)v «**.^-i(»t)] 

(10-97) 



Vi(«) 

f^-i (m) . 



ri-M 



0 

Vo(m-l) 



1 — pAn-i- 



(10 * 98) 



-Vir-i(lW— 1) - 
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B 10-9 IZ 09 10-10 tC jV^3 ?>«£-<os<c? > 



10*7 flB^ife7-<M 
&J:9, J1R j&y j £jg u £ 

&. &&&&& 



^Hf^***** (10-100) 

(Id - 101) 



(10 • 102) 



■■(*» 



(10 > 103) 
(10 - 104) 



(10 • 105) 



(seriesr-paraJlel structures) ii^m^ 
(equation error methods) ti>^i, ;?)^ 

e***p*— j» r 0*- t (10 . 106) 

^Am (z) Vn. - Bn (Z) X* (10 > 107) 



7 0 9 
9^1 



9 

i n 



14/ 
6 B 



at i is « * » 8 



J95 




Bn=8»^ + llP^n (10 • 108) 

a*^ a^i+^e^te (10 * 109) 

6*= &„-iH~/^x* (10 * 110} 

|£«&&5jgW (persistently excitation) 

t3>u uR^gaufcT* ^ojsmfe, J&tts^ii 

T, ^>^— ;v-32— > (Schur-Cohn) ^fr^***^*! 
-Cw^^ Tt-rOiN 2 ) (//=deg[A.(*)]) <OWt&* 



S-7cr)m.fc$L\z$k& (bias) ;^&b&Cl£T& 

y)5yXfA«-J: IT, ^t/h2t^ (ELS: 
extended least square method), ' — ISfcfisS/h 
(GLS : generalized least square method) , 
9 (KML; reeirrsafrre maximum likelihood esti- 
mation), iJitflM&aafcife (IV: instrumental vari- 
able method) m^tv^ (9 a^JSO 0 ™ 665 . £ 

O?^. ELS, GLS, BMLit^mm^^m.^^-rt: 

^f;^^f£#f^^ii' (RPEM : recurs 
sire predictioii error method) *«MCtttJ£B'&8l 
(PLR-: psudo linear regression) ^ 

i^T, cttS-fefc**"*. CUT) j: 7 ^f5^a*C**-LT, 
It- 

v #*=-fr^x, 9W=AtCe)y«-*ji 

0= ( a \ b\ c T , d 7 . f t ) v (W * 113 > 

(- »F. rf. - ^» r , - ^ T <W 

-c^^ T ) T ao - 115> 

(10*116) 
(10-117) 

/?.. a =i?«+r(^^-^) (10 * 119) 

iEfc, PRL^(± 

+ r(W- Rn) do * I2i) 
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2fi £ 



3* (10-111) tefcv*T. ^U) = F(z)-C(z) = 

RML^i^D, FLR»*ELS $ £ t GLSS£ 

'tt, F(z)=C(«)=l*)*<£fcffia U &3fL0> HARF 
* SHASF BrlA A(z)^C(z) =D{z)=l <n t £-fc*B£ 

&t7*— h A \^ y ~T (boot-strap) t 

5 ^r^^'J XA^) ELMMIfr £ ODE (ordinary 
differencial equation) H *r7 S ^WBk&Zt ZWfi 

mfm^— •v&m^xn&m-m< t £, rls^^^j 

(parallel structure) f±, &;&fiR3gffi (OEM: 
output error method) t & 5, Id£?S^$jfcj$; £ 

€n = Vn—y* 



ft SI 10*12 fc^Sit*. 



*=L2,-,W (10-123) 
ff=e,l,»%Af (10 • 124) 



■tor 3 ***-* 



(10 • 125) 
(10 - 126) 



fciMlTM* 2>tr& t&TFcoX ? f 

Q>(«) =ywf g.tfr (w)<^(»- 0 (10 - 127) 

x*-«+*ka i {n)0 lt {n-i) (10 • 128} 

x# & aft a, (s- 1 ) <oa^j|i4tra * a* * t s , 

—H, 2^HR7^ <r>&*!&8mm i±&&X& $ 
r&Zt&XZtt*K ^oT, RLS^^ir^^^ii:& 
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SS 10 * 13 HARFIf S^miS; " 

(JUrimor* A., et li, Copyright C2990 IEEE J: 0 > 



(hypenaaHBty ■theory) £f§v*~t» ^j9fiff.mtt 

(hyperstable adaptive recursive filter) t SHARF 
(simplified HAKF) &mm2tlX^ Z* 4 ™***. *<?>m& 
&m 10- IS {C^$*L$. 

F«=^a/(«)/«-f+ < §ftf(*)x«. / (10 - 129) 

/■=g.flf(»+l)/—r+§fc(»+Da^/ (10 - 130) 

fci-^,. £ fc, (smooth 
error) £2fcO J: 7 fo5£M't2>. 

£*=s/»-v* (10-131) 

f.=gcr[i',- f - 1 ~/»- f - 1 ] (10-132) 

CU) = 1+2 c^" 1 CIO • 133) 

*,(«) =«,(»-!) -Hr/,-,., j>„ + £ J, 
l^i^W. (10 . 134) 

d&f&At (10 - 135) 

(10 • 136) 

spit-US"?* ^3 Ciz) VMTtoJ: 7 &&lE31&f£ 
(SPR : strict poasitive realness) %Wt£z L, L *Mj £fc 

m£$tlZ>. m%, G{z)^C{z)/A{z) tLtzkZ 
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Rs[G(^)]>0, V$e[6,2*) (19-137) 

*.-/«+ § -I>«-/-»-A-f-t] (10 - 138) ' 

*a*OfcJ0QKU ^*-/*=3»r i^S. ^t, 

CU)^(z) . (10-139) 

^y^^JS^V (adaptive lattice filters, ^ 10* 

14) li, i&^&j^&i Lr^^W> -f-t*v 
(Levinstm-Durbm) (3Sf#M) fc-3£Sf&*;: 



-f- ei { a ) 





L pi / "V — --pi — t — - 



S 10-14 &f~&&ti~-7 -< 
Xm= - / ( ») Xn-l - " V (») X,r_^ (10 • 140) 

£p^-p ~ — (n) +1 in) Xk 

(10 • 141} 

Xn*-*= (x«, Xn-u J«-^) T (10 * 142) 

= (1» «/(»), " cf(n)) T (10 • 143) 
Bp(n) = (h/(n) 9 1> T (10 • 144) 

^ ( «) = - x PtK ^Ap* (n) jc^- fi (10-145) 
r> ( n) = Xn-p - xp^-p = B P T ( n) x n .n~ p (10 • 146) 

r P (n) 7 KJfeMIR: (order -update) 5 ft 

e^. (») = *» (n) -kUi r,(»-l) (10 - 147) 
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r m 

■ 148} 



y>- ■ ^-tf^^^^if-^^^^^ai^^ 
Sj>(/-i)«>0") 

-^nrrrr-rt — (10 . 149) 



(10 * 150} 



ZrpQ-Depti). 

(10 • 151) 



J ^C/- 1)2^0-11 

^"^r^-D + ^^O'-lT (10*152) 
— £JM& (10-149) fc (10-150) frlMNtrE 

tt-i(»+y=*A»(«)+w(«-i)^. 1 ( W ) 

(10- 

= ^ (») +^r w (n) {10 , 

kp+ 1 (« + 1) = ^ ( ») + ^ rp ( n _ X ) ^ +( ^ 
+ rp+,(n)e P (*:)] (10 
-ttfcfciEaMfcLfcfccOfi, ^ (10- 153). (10*154) 

(»+!)= W (») + (n) ( i0 . 157) 

^ e (R+l)=W(») (10 . 158) 

ifc. 5t (10*156) TV e/R P (n) 



•153) 

• 1S4) 

• 155) 
■ 156) 



m m m 

+ O^, («) « p ( n ) ] (2Q . 

#,(f»+l) + f r /(»> +*,*<w+D] . 

(10 • 160) 

^K. (10-1525 ^^^J?^^i± 

4»4i(H+l)=/U Jfc +i(»).+ r^<K--l)^(„). 

(10 - 161) 

*>**rtt3fc (10-160) co t i5 9 T & 
10*8*3 **2ftlfr&g7.f 

Mtio^^i^ts^ 

f*^2*#^-7^^ (XSL: least 
square lattice filters)) ic J: ^ xmUZtlT^Z * 
Mltof, shift-low- 
rank t t*?ttJt**f/BLT. (Mori) ^0<#) 
^&i£#&£*^L. ^ KM* 2* 

&Mxmi*&&-v, 0f«ii^7ffi 



(10 • my 



-JCnji-p J 
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Ap+i («•) =[ 0 J 



4 ° 



(10 



(10 - 155) 

0 

(10 • 166) 



• 167) 



(10-168) 

= <**(»)-#« (»)4m-i(») (10 • 169) 

=*,(»)-*ki(*)»>(«-l) (10 • 171) 

rj, + i(»)=r,(»-l) -#«(*)«*(*) (10 ' 172) 

C2) m&mm if, *>-3 OMihood 
variable) »(«) £ 

» (») (10 * 173) 

rw{n)~Mn)+Z*^ (10-174) 

(10- 



^(«+D=^C«)+f^^ r 

<3> r («+l)=ffp r (*) 



(10 



175) 
176) 




(10 • 177) 

31 ^ -c * h <r> fc 2* L T. 
LSL-Ct± r *>-?&&&r*(») £ 

v^^iVC^-S. 0^Xp{n)^l-C^) 



-t&tZr ^xt&ton&zmx-r s jag?*** & a*, *o 

it & (Si 10*15). 

(10-178) 

/ v* (n) —i>*+\ M g> in — 1) 

^ ,Cn)= 7w(^CT(^ 

(10 • 179) 

»»,(») = J JI^n) ;r 4/( n^i) 

(10 • 180) 

(4) LSI/ UJrSS'aOh fe^te&fc-y 
mation) -fadM?* 1 ^*. 




'tiin) +^t$(*) +' f »(") 



5 4 7 0 9 9 
f£]£B W L $L 1 9^1 I ft 



20Q 



2« £ 



tp{n) =y«-S j ^(r.) {10 . 181) 

(10 - 182) 



do * m) 



Wfefc IT, ^^A * i^x. * y h (Gram-Schmidt) S 
<H-^a^ iS^^v^A- 

LMS ^X-o TK$r 

2 mm^mmamt *>* mj ^ >> r 
^^m^mm^m* gj&Lx, ftf (fast 

RI^S transversa] filter) * £<^i«j£RLS 
%m.<*>-^fr*tx t f^isg±?^yx 

10-9-3 AjmA^7 4ju*t&&*tz&im&m 



Z tomy 4 W £«§8fcLfc LATIN (laitim-inverse) 
16*10 7m^7P- 

*fc*tr^&*», ry-f <? A xr (adaptive 

array) tt, *flO«H£ h f&tl:;3&flgm£$ t>fif^ L T, 

<±<o&£<m?tztix^2,fr, &txi±, -~&&3ttm&t 




mil 



(Wmdow B. ct Co^yrfgkO 
1967 IEEE X 0) 
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20 i 



y (»} = 2 2 H> tf *j:,{«-y+ 1) (10 • 164) 

btsch, ^v£#-t-<;? 

«?=^W"Me/a) r (10 * 185) 

*.»(j&(»)»"-,x*(»-£+I)) t (10-186) 

(10- 187} 

^CTV"Oiftft^«f|^^ h ^ (steering 
vector) A^#^ii^^ (T^-« 

#^fc:*n-&&^) ^ 0. Jl^^-e^^n^l 

<f(0 f a) = (1, - f e**«»>)* (10 • 188) 

r (<?, m) u^d ( a, w) (10 * 189> 

-tf^f pu-y^^^t^ (sLdelobe cancelers ) 

ti£T t — OttiS #(*) ^^£^3 
- E{\y(nm=m\y»{n)-wfx a (nm (10-190) 

w&^R^r** (10-191) 
R.^Eixoxf), r^EiySin)**) (10-192) 

LMS m^tzit RLS 



FJrWJB^ki&^&WM^ (reference signal) y r (n) £ 

£{|«*(*)i>=JEr{|jFr<*)-»<»)l*} de ■ 193) 

-£{ty,(i»)"^{«)p} (10-194) 
£ * a J: ? izZlibZ Z t**X$ h. 
w=RZ l r n (10 -195} 

(10 - 196) 

r w =r to (10/197) 
10*10-3 ^^«^##^#'J^^^ U~ ^ 

-f-4{c*B7-ir*> (10 * 198) 

(lft • 199) 



C^-^ (10 • 200) 

Lc^n"R*w+nC*w-{?} (10 ' 201) 

w^-'CiC^'^-'ff (10 * 202) 
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2m * 



m 



m&w w*c^§ mmonmmT t** m \ 

w*+t = w n — tLpRxW* (20 . 203) 

(ID * 204) 



tc«+t #Px (n) y ( n) . 205} 

*^*8&&f*tt CLCMV: linear con- 

strained minimum variance) TV— ££TF<?>i; 7 

£LT. — ifcffc^M pw— -ra^v-fe? (GSC: gener- 
alised sideiobe canceters ) ° €) & /t&. 

w = Wc~ v (10- 206) 

u>c=[CC^-'Cg (10-207) 

( u> c — Dw p ) *R X (wc- Dwd ) (10-208) 

»x>= (D fr Hjy)- l D H R x io c (10 * 209) 

oVu- w.- ( ff£>**(»)y*(») (10 . 210) 

V (n) = wd*x (») - Uh>"D*x {n) (10 * 211) 

io * 11 $§ $ <n m £ 



^>7. 

10*11*1 aU^3-^-v>'-fe^(4IK5«t5*3a5#M> 

*c -t ^ *#^^»BS U J: 7 ^ i^a^^^^r/^ jt ^ - 



rf(jfc) 

(a) jua— /<x 



0 


B.4 






i 






r f " 


















0 ' ■■ 






















{ b ) aus^a 


— ^ + >-te1? 
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